Following infection by pairs of reovirus isolates consisting of combinations of reovirus Ti Lang, T2 Jones, or T3 Dearing, we found that one of the isolates interfered with the yield of progeny RNA derived from the other parents. The most significant interference was produced by T2 Jones or T3 Dearing, when mixed with Ti Lang.
Interference between mutant and wild-type animal viruses following mixed infections is well described, although the precise molecular mechanisms of interference remain obscure (for a review, see reference 23). Prior studies of reoviruses indicate that following mixed infection at restrictive temperatures, temperature-sensitive (ts) mutants of reovirus serotype T3 Dearing (T3D) interfere with the yield of wild-type T3D (2) . Interestingly, the RNA' ts mutants demonstrated interference while the RNA-mutants did not, suggesting that viral mRNAs or their protein products are important for the property of interference.
The genomes of reoviruses consist of 10 double-stranded RNA (dsRNA) segments enclosed in a double protein shell (for a review, see reference 18) . The dsRNAs of the three mammalian reovirus serotypes have different electrophoretic mobilities, and this feature serves as a marker to identify the parental origin of each RNA segment and to characterize reassortants after mixed infections (15, 16, 19) . In the present report we have extended the prior findings of interference of infectivity to show that interference of the yield of progeny RNAs derived from one of the two parental isolates occurred following mixed infections of different pairwise combinations of the three wild-type reovirus serotypes (Ti Lang [T1L], T2 Jones [T2J], and T3D) in the order: T2J = T3D > T1L. In addition, we found that the M2 gene is linked to the phenomenon of interference and that interference occurs after viral adsorption and penetration.
MATERIALS AND METHODS Cells and viruses. Stock cultures of mouse L929 cells were grown in monolayers or in suspension cell culture in Joklik modified minimal essential medium (MEM) (Irvine Scientific, Santa Ana, Calif.) supplemented with 5% fetal bovine serum (HyClone Laboratories, Logan, Utah), 2 mM L-glutamine (Irvine Scientific), and 1% Fungi-Bact Solution (Irvine Scientific) (complete MEM). Second-passage L929 cell lysate stocks of doubly plaque-purified reoviruses T1L, T2J, T3D, T3 clone 9, T3 Abney, and TlL x T3D reassortants ( Virus purification. Growth of mixed viruses in preparative quantities on cell monolayers was as follows: L929 cells were seeded into T-75 flasks at a density of 9 x 10' cells per flask and after 24-h incubation at 37°C were infected by TlL plus T3D. Infected cells were incubated for 43 h at 37°C and then harvested by scraping. Cells were pelleted for 15 min at 500 x g, and all further steps of viral purification were as described previously (5). Virion particle concentrations were determined by measuring optical density (1 A260 unit = 2.1 1012 particles) (21 T2J and T3D. L, M, and S to the right of the gel designate the three size groups of dsRNAs: large (Ll, L2, and L3), medium (Ml, M2, and M3) and small (Si, S2, S3, and S4), respectively. RESULTS Interference following mixed infections of pairs of certain reovirus isolates. Following pairwise crosses between certain ts mutants and ts+ reovirus at 39°C, the yield of infectious wild-type reovirus decreases (2) . To see if interference occurs between pairs of viruses that are not temperature sensitive, we chose to determine if one parent could reduce the yield of progeny genomic dsRNA produced by the other member of the mixed infection pair. Ten reovirus dsRNA segments have been previously shown to be resolved by SDS-10% PAGE with Tris-glycine buffer (15) . The corresponding dsRNAs from three reovirus serotypes have different electrophoretic mobilities (15) , allowing us to evaluate whether interference occurs following mixed infections derived from T1L, T2J, T3D, and other T3 clones (T3 clone 9 and T3 Abney).
In order to determine whether mixed infections result in differential inhibition among reovirus isolates, we analyzed five pairwise crosses: TlL and T3D, TlL and T3 clone 9, TlL and T3 Abney, TlL and T2J, and T3D and T2J. Pairwise infections with equal MOIs (both MOIs 10) were performed on cell monolayers for 43 h at 37°C (see Materials and Methods). To determine whether interference was occurring in the progeny of doubly infected cells, we compared yields of viral dsRNAs from single and mixed infections. Electropherotypic analysis of the dsRNAs from infected cell lysates revealed that the yield of TlL RNA was strongly inhibited following mixed infections with T3D (Fig. 1, lane 6) and T2J (Fig. 1, lane 9) , was less inhibited by T3 clone 9 (Fig. 1, lane 7) , and was not inhibited by T3 Abney (Fig. 1, lane 8) . These results indicate that there is a difference in the capacities of different isolates to interfere with TlL RNA synthesis.
Quantitative analysis of the dsRNAs produced by single and mixed infections ( Fig. 1 and 2 ) was performed by laser densitometry of ethidium bromide-stained gels, and the ratios of the progeny dsRNAs were tabulated ( Table 1 ). The amount of TlL S1 dsRNA in the yield of the TlL and T3D cross was 4.1 times less than the amount of T3D S1 dsRNA (the percentage of TlL S1 dsRNA was 100/5.1 = 19.6) and the reduction of the RNA of the other nine genes was even greater. It should be noted that (i) yields of genomic dsRNA of TlL and T3D in single infections were similar to each other (compare lanes 1 and 2 in Fig. 1 ; compare lanes 1 and 2 in Fig.  2) ; (ii) T3D and T2J (which separately inhibited T1L) did not significantly influence the yield of each other in the mixed infection T3D plus T2J (Fig. 1, lane 10) . The quantification of dsRNA therefore allowed us to determine that the order of inhibition of different reovirus isolates of different serotype by each other was T2J = T3D > T1L.
In addition to differences between isolates of different serotypes, the capacities of different reovirus serotype 3 clones to inhibit the yield of TlL dsRNA varied. T3D caused the most inhibition, T3 clone 9 caused less inhibition, and T3 Abney JL S showed no inhibition. Thus, interference is not serotype specific.
As noted above, the measurement of dsRNA in infected cells allowed us to show that certain isolates inhibited the yield of progeny dsRNA. However, it did not allow us to determine directly whether the yield of infectious virus is similarly inhibited. Since T2J does not replicate as well as TlL or T3D does (yield of this virus is at least 10 times less than TlL and T3D) (18), we were also able to determine that in addition to the interference with the yield of progeny dsRNA, the yield of infectious TlL virus following mixed infection of T2J and TlL was 10 times less than that of TlL single infection (data not shown). Unfortunately, a comparison of this type was not possible for other mixed infections, since the other viruses studied have approximately equal yields.
Features of interference. To see if interference was due to a soluble cellular factor or a viral component, we asked whether it was necessary to purify virus in order to detect interference. We checked the ratios of yields of corresponding TlL and T3D dsRNAs in crude versus pure (CsCl-purified) mixed viral preparations. The ratios were the same (Fig. 1, lane 6; Fig. 2 , lane 4), indicating that purification of virus was not necessary to obtain interference and that the property of interference was a property of the virion or its products itself.
To further determine whether virion particles or their products were responsible directly for interference, we analyzed the role of MOI in interference. We increased the MOI ratio of TlL over T3D in mixed infection threefold (MOIs of 21 and 7, respectively, versus 10 for both). The results showed a proportional threefold reduction of T3D/T1L dsRNA ratios (compare lanes 4 and 5 in Fig. 2 Fig. 2 ; Table 1 ). Thus, although interference occurs during growth in both cell monolayers and suspension cell cultures, the extent and presumably the efficiency of interference varied with the nature of cell growth. Table 2 . The ratios of the corresponding dsRNAs of T3D and TlL in the yield served as markers of interference. Electropherotypic analysis of the progeny of mixed infections allowed us to divide these reassortants into two classes: (i) EB15, EB31, EB88, EB96, EB120, EB121, and EB124 did not inhibit the yield of TlL dsRNAs ( Fig. 3 and Table 2 ); (ii) the remainder of the reassortants (listed in Table 2 ) inhibited TlL dsRNA yields similar to that of T3D (illustrative examples include EB62 and EB133 shown in Fig. 3, lanes 3 and 9, respectively) . A summary of these results is shown in (Table 3) . Therefore, adsorption is not involved in interference. To see if interference was occurring by blocking viral uncoating, infected cells were incubated for 2 or 4 h at 37°C, allowing viral uncoating to proceed. In these experiments, uncoating during 2 and 4 h proceeded as determined by the proteolytic digestion of the ,ulC protein, leading to the formation of the 8 fragment and degradation of a3 protein, as has been previously described (20) . The pattern of TlL uncoating was not altered whether TlL was alone or mixed with T3D and T2J (Fig. 4) . Thus, the two early steps in viral infection, adsorption and uncoating, are not involved in the phenomenon of interference, indicating that interference occurs later.
DISCUSSION
In this report we have shown that laboratory isolates of T3D and T2J reovirus interfered with the yield of TlL dsRNA and that T2J interfered with the infectious yield of TlL following mixed infection. These results extend the finding of transdomi- Mapping the capacity to interfere with the M2 gene provides a possible clue as to the mechanism of interference. The M2 gene product (,lI) is a protein that has a variety of properties that indicate a role in reovirus interaction with membranes. ,ul is a myristoylated protein (14) that contains highly conserved amphipathic ao helices and also has a small highly basic fragment ('D) (13) . pLl is genetically linked to the property of chromium 51 release from prelabeled cells (12) and may be involved in allowing channels to form in lipid bilayers (22 
